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Bowel sounds
Flatus Defaecation Clevers & Smout, 1989.) animals (Dubois et al. 1973; Smith et al. 1977) and man (Rothnie ef al. 1963; Wells et al. 1964) . If gastrograffin is placed in the stomach immediately post-operatively it collects in the fundus while the patient remains supine, but it flows freely into the duodenum if the patient is placed at an angle of 45" (Rothnie et al. 1963) . This implies, that the pylorus does not act as a physical barrier to the flow of gastric contents, and that delayed gastric emptying is likely to arise as a result of disordered motor activity.
The basal electrical, or pacemaker, activity of the stomach, normally three cycles/min, has been demonstrated as early as 12 h post-operatively (Coelho et al. 1990; Waldenhausen et al. 1990) , but propagative activity is suppressed for at least 24 h in dogs (Smith et a f . 1977) and man (Ingram & Catchpole, 1981; Waldenhausen et al. 1990) . It is likely, therefore, that this disturbed propagation plays an important role in delaying gastric emptying post-operatively.
Normal gastric emptying is controlled by a combination of five factors: (a) fundal tone, (b) antral phasic activity, (c) pyloric diameter and tone, (d) duodenal tone, (e) the coordination of antral and duodenal phasic activity. Only studies referring to antral phasic activity have appeared in the literature and, hence, there is much more to be learned of the mechanisms of the delayed gastric emptying observed during POI.
Small intestine
Small-intestinal gas shadows are not usually seen post-operatively , but progressive colonic gas shadows are often seen in the first 48 h (Rothnie et al. 1963; Wells et al. 1964; Nachlas et al. 1972; Wilson, 1975) . As intestinal gas is mainly derived from swallowed air, this would imply that there must be some kind of propulsive activity in the small available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/PNS19940018 intestine. However, this transport of intraluminal gas does not necessarily imply that small-intestinal propagation is normal. Most studies of small-intestinal transit in POI have examined progression of barium or gastrograffin from the stomach to the colon, but much of the observed delay could be accountable to the delayed gastric emptying. Rothnie et al. (1963) placed barium capsules in the duodenum at surgery in six patients, and 24 h later the barium had reached the colon in all of the patients. This finding has been repeated in another study, where barium was put either into the stomach or into the duodenum of patients undergoing gastroduodenal surgery (Nachlas et al. 1972) . Barium had reached the colon 24 h later in only 11% of those with barium placed intragastrically, and in 58% of those with barium placed intraduodenally, implying that small-intestinal transit recovers more rapidly than gastric emptying.
Small-intestinal transit is regarded as the return of phase I11 activity of the interdigestive migrating motor complex (MMC). There are conflicting reports of the timing of the return of phase TI1 activity in man. Some have found an early return of activity (Catchpole & Duthie, 1978; Stoddard et al. 1978; Sarna, 1985; Waldenhausen et al. 1990; Benson et al. 1992) , while others have found it to be markedly reduced or absent in the first 24 h (Dauchel et al. 1976; Soper et al. 1990; Schippers et al. 1991) . The length of the surgery does not appear to be an important factor, but the type of surgery is likely to be of more relevance, with major colonic resections delaying the return of phase I11 activity longer than open cholecystectomies (Schippers et al. 1991) . It is difficult, therefore, to reach a conclusion concerning the timing of returning phase I11 activity as these trials are studying varying types of surgery using different anaesthetic and analgesic agents.
The return of phase 111 activity does not necessarily imply normal propagation. It has been observed that MMC periodicity is shortened in the immediate post-operative period, gradually increasing to normal over 24-48 h (Schippers et al. 1991; Benson et al. 1993) . Uncoordinated phase I11 activity has been recorded in the second and third post-operative days in dogs (Smith et al. 1977) and in the first 24 h in man (Stoddard et al. 1978; Benson et al. 1992) . In addition, contractile amplitude is also significantly decreased for up to 72 h (Benson et al. 1992) . The significance of these findings, however, has not been fully evaluated.
Colon
There are virtually no studies examining colonic function in POI. Those available have demonstrated a suppression of motor activity in the proximal colon for at least 24 h (Wilson, 1975) , and for 2-3 d in the distal colon (Condon et al. 1986; Roberts et al. 1993) . The recordings in these studies, however, lasted for less than 3 h, which is insufficient to gain proper understanding of the motor responses in the post-operative situation.
FACTORS AFFECTING DURATION O F POI
A full discussion of the aetiology of POI is inappropriate in this review and has been covered in detail elsewhere (Livingstone & Passaro, 1990) , but there are a few points which are of particular relevance to the duration of POI. Surgery is both a psychological and a physiological stressor, and signals from the central nervous system undoubtedly affect the enteric nervous system and hence intestinal motor activity. How this influences POI, however, has not been addressed. The role of circulating catecholamines in POI is T . E . B O W L I N G also debated. Adrenalectomy does not alter the duration of ileus in dogs (Douglas et al. 1941; Dubois et al. 1974) , and it is known that paralytic ileus is rare in patients with phaeochromocytomas (Cruz & Cowell, 1972) . Some anaesthetic agents, such as halothane (Marshall et al. 1961; Condon et al. 1987 ) and enfluorane (Condon et al. 1987) , can also alter gastrointestinal motility, as can opiates used as pre-medication agents and/or as post-operative analgesics (Miller & Hirning, 1989) . Clearly, therefore, there are many factors involved in POI which will influence the duration of the ileus.
M A N A G E M E N T O F POI
The standard management of POI is intravenous fluid replacement with or without nasogastric aspiration and/or nutritional support, until clinical resolution of the ileus. In the search for methods to shorten the duration of POI, many agents, including sympatholytics (Thorup et al. 1983 ), cholinomimetics (Heimbach & Crout, 1971 , and electrical pacing (Barker et al. 1984) , have been studied, generally with unsuccessful outcomes.
Cisapride, normally used as a pro-motility agent in the treatment of gastrooesophageal reflux disease, when given intravenously has been shown to bring forward significantly the reoccurrence of flatus Verlinden et al. 1987) . When given throughout the post-operative period it can promote an earlier return of propulsive activity, as assessed by the movement of markers, in all regions of the colon (Tolleson et al. 1991) and an increase in left colonic pressure activity (Clevers et al. 1988) when compared with controls. Cisapride, given rectally, has been shown to prolong significantly the small-intestinal MMC periodicity and migration velocity in the immediate post-operative period compared with a control group, but there was no difference in the timing of the return of phase I1 activity or the clinical duration of POI between the two groups . The effect of cisapride on gastric activity in the post-operative situation has not yet been studied. Ceruletide, which is pharmacodynamically similar to cholecystokinin, has brought about restoration of small-intestinal peristalsis within a few hours when infused 24 h post-operatively, but the response diminished rapidly after cessation of infusion (Montero et al. 1980) . However, other trials have demonstrated a significant reduction in the duration of POI when ceruletide is given either intramuscularly (Madsen & Lykkegaard-Neilson, 1983) or intravenously (Sadek et al. 1988) , allowing earlier resumption of oral alimentation. Fedotozine, a peripheral opioid agonist which stimulates gastrointestinal motility in animals (Pascaud et al. 1990 ) and man (Karaus et al. 1990) , has recently been shown to reverse POI in rats by actions at peripheral K-opioid receptors (Riviere et al. 1993) . No studies in man have been carried out.
Of considerable interest is the role of feeding in the treatment of POI. Early enteral feeding has been advocated on the basis that nutrition per se, by stimulating the gastrointestinal tract, might effect a decrease in the length of POI. In all trials to date, feeding has been directly into the duodenum or proximal jejunum within a few hours of surgery and, in general, patients have demonstrated good tolerance of the diets (Hoover et al. 1980; Bower et al. 1986) . No one has studied the effects of post-operative intragastric feeding. Of these trials, only one has looked at the influence of postoperative feeding on gastrointestinal motor activity (Moss, 1981) . In this trial full strength elemental diet was infused intraduodenally at 100-150 mUh immediately following colorectal excision in eighteen patients. Digestion and absorption of protein, as judged by urinary excretion of 1251-albumin incorporated into the diet, was within normal limits; and barium studies 24 h post-operatively showed prompt passage of barium from the stomach to the small and large intestines. The first bowel action occurred within 48 h of surgery in all patients, and the diet was well tolerated. There were, however, no control patients in this trial, and there have been no other studies to support or refute these findings.
SUMMARY
In summary, POI is a predictable event with actual return of bowel function preceding clinically detectable signs of function by at least 24 h. All parts of the gastrointestinal tract are affected, but small-intestinal function returns first, probably as early as 4-8 h after surgery in many cases. The timing of restarting feeding could be earlier than current practice would suggest, and because of the more rapid recovery of small-intestinal function it could be argued that post-pyloric feeding, at least in the first 24-48 h, may be preferable. While a policy of refeeding only when bowel function is clinically detectable is acceptable for many patients, there are certainly some who would benefit from feeding at an earlier stage. Parenteral feeding is expensive and a greater knowledge of the mechanisms underlying POI may lead clinicians to different and perhaps more appropriate methods of management.
